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Physical Activity Reduces Systemic Blood
Pressure and Improves Early Markers of
Atherosclerosis in Pre-Pubertal Obese Children
Nathalie J. Farpour-Lambert, MD,* Yacine Aggoun, MD,* Laetitia M. Marchand, MS,*
Xavier E. Martin, MS,* François R. Herrmann, MD, MPH,† Maurice Beghetti, PD*
Geneva, Switzerland
Objectives The aim of this study was to determine the effects of physical activity on systemic blood pressure (BP) and early
markers of atherosclerosis in pre-pubertal obese children.
Background Hypertension and endothelial dysfunction are premature complications of obesity.
Methods We performed a 3-month randomized controlled trial with a modified crossover design: 44 pre-pubertal obese
children (age 8.9  1.5 years) were randomly assigned (1:1) to an exercise (n  22) or a control group (n  22).
We recruited 22 lean children (age 8.5  1.5 years) for baseline comparison. The exercise group trained 60 min
3 times/week during 3 months, whereas control subjects remained relatively inactive. Then, both groups trained
twice/week during 3 months. We assessed changes at 3 and 6 months in office and 24-h BP, arterial intima-
media thickness (IMT) and stiffness, endothelial function (flow-mediated dilation), body mass index (BMI), body
fat, cardiorespiratory fitness (maximal oxygen consumption [VO2max]), physical activity, and biological markers.
Results Obese children had higher BP, arterial stiffness, body weight, BMI, abdominal fat, insulin resistance indexes, and
C-reactive protein levels, and lower flow-mediated dilation, VO2max, physical activity, and high-density lipoprotein
cholesterol levels than lean subjects. At 3 months, we observed significant changes in 24-h systolic BP (exercise
6.9  13.5 mm Hg vs. control 3.8  7.9 mm Hg, 0.8  1.5 standard deviation score [SDS] vs. 0.4  0.8
SDS), diastolic BP (0.5  1.0 SDS vs. 0  1.4 SDS), hypertension rate (12% vs. 1%), office BP, BMI z-score,
abdominal fat, and VO2max. At 6 months, change differences in arterial stiffness and IMT were significant.
Conclusions A regular physical activity program reduces BP, arterial stiffness, and abdominal fat; increases cardiorespiratory fit-
ness; and delays arterial wall remodeling in pre-pubertal obese children. (Effects of Aerobic Exercise Training on Arte-
rial Function and Insulin Resistance Syndrome in Obese Children: A Randomized Controlled Trial; NCT00801645)
(J Am Coll Cardiol 2009;54:2396–406) © 2009 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2009.08.030t
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(he rising prevalence of childhood obesity represents a
ajor public health crisis, because it is associated with
onsiderable risks to the child’s present and future health
1). The appearance of pediatric forms of chronic diseases
uch as hypertension (HTN), early signs of atherosclerosis,
r type 2 diabetes contributes to increased risks in adult life
2–4). Hypertension is indeed considered the most impor-
rom the *Pediatric Cardiology Unit, Department of Child and Adolescent, and
Biostatistics, Department of Rehabilitation and Geriatrics, University Hospitals of
eneva and University of Geneva, Geneva, Switzerland. This work was supported by
he Swiss National Science Foundation (#3200B0-103853), Bern, and the Geneva
niversity Hospitals Research and Development Fund.s
Manuscript received April 25, 2009; revised manuscript received July 27, 2009,
ccepted August 6, 2009.ant cardiovascular disease (CVD) risk factor worldwide,
ontributing to one-half of the coronary heart disease and
pproximately two-thirds of the cerebrovascular disease
urdens (5).
See page 2407
In children and adolescents, body mass index (BMI) is
trongly related to high blood pressure (BP) (6–8), and the
revalence of HTN ranges from 47% to 62% in obese
ediatric patients (9–11). Several factors are believed to
ontribute to increased vascular tone in obese individuals,
ncluding activation of the sympathetic nervous system
12–15), insulin resistance (16,17), and endothelial and
mooth muscle cell dysfunctions (18–21).
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December 15/22, 2009:2396–406 Obesity, Hypertension, and Exercise in ChildrenThe structure and function of large arteries can now be
ssessed by noninvasive, high-resolution ultrasound, and
ndothelial dysfunction is considered an early marker of
therosclerosis that precedes the plaque formation (19,22).
e and others demonstrated impaired arterial endothelial
nd smooth muscle cell functions and the presence of
rterial stiffness in obese children and adolescents (18–20,
3). Vascular dysfunction develops even before puberty, in
ssociation with elevated systemic BP (21), whereas in-
reased intima-media thickness (IMT) appears later during
uberty. The appearance of HTN and first signs of athero-
clerosis in young obese children forecasts a major health
urden and a need for early intervention strategies.
The benefits of physical activity in the prevention and
reatment of cardiovascular diseases have been very well
escribed in adults (24). Individuals who perform regular
hysical activity have a lower risk of HTN (25), and both
cute and chronic physical activity lower BP in patients with
TN, including those who are obese (26). On the contrary,
ow cardiorespiratory fitness is associated with a 1.3- and
.6-fold increased risk for HTN in lean and overweight
oung adults, respectively (27). In children, a recent
opulation-based study demonstrated that higher levels
f physical activity were associated with lower BP, and
esults suggested that the volume was more important
han the intensity (28). However, the cross-sectional
esign did not allow establishing the causality.
Obese children usually spend less time in moderate and
igorous physical activities and have lower cardiorespiratory
tness that their non-obese counterparts (29). The treat-
ent usually includes exercise, dietary, and behavioral in-
erventions. However, most randomized controlled trials
ere designed to assess the effects of combined lifestyle
hanges in obese youth (23,30), and only a few authors
nvestigated the impact of exercise alone (31–36). In obese
dolescents, they reported significant changes in body fat or
isceral fat, endothelial function, IMT, parasympathetic
ervous activity, lipids profile, and insulin resistance in-
exes. However, the effects of physical activity on systemic
P remain controversial, and to our knowledge, there is no
nformation in children before puberty.
Therefore, the primary purpose of this study was to
etermine the effects of a physical activity program on
ystemic BP and early markers of atherosclerosis (endothe-
ial and smooth muscle cell functions, IMT, and arterial
tiffness) in pre-pubertal obese children.
ethods
tudy design and subjects. We performed a randomized
ontrolled trial including 44 pre-pubertal obese children
ges 6 to 11 years. All patients were recruited at the Obesity
linic of the Children’s Hospital of Geneva, if their BMI
as over the 97th age- and sex-specific percentile (37). To
llow baseline comparison, we recruited 22 lean volunteers
mong 165 children in a local elementary school, if their wMI was within the normal
ange. During the first visit, we
ssessed pubertal stage by clinical
xamination according to the
ethod of Tanner, and subjects
ith a stage above 1 were ex-
luded. With these restrictive ex-
lusion criteria, we do not have
o consider the effect of sex on
ody fat gain at the time of
uberty, generally observed in
dolescent girls (38). Subjects
ere excluded if they: 1) were
nvolved in any weight control,
hysical activity, or behavioral
herapy; 2) had a familial history
f dyslipidemia or essential
TN; 3) took any medications
r hormones that might influ-
nce cardiovascular function,
ody composition, or lipid or
lucose metabolism; 4) had an
rthopedic affection limiting
hysical activity; 5) had a genetic
isorder or a chronic disease; or
) followed a therapy for psychi-
tric problems.
The Mother and Child Ethics
ommittee of the University Hos-
itals of Geneva approved this
tudy, and informed written con-
ent was obtained from both par-
nt and child.
ntervention. After the initial
valuation, the 44 eligible obese
ubjects were randomly assigned
1:1) to an exercise (EX, n 22) or control (CON, n 22)
roup (Fig. 1). We used closed envelopes containing 50%
xercise and 50% control group assignments. The random-
zation process resulted in a similar girl/boy ratio in each
roup.
The 3-month intervention consisted of a physical activity
rogram including 3 60-min sessions/week after school
ours (total 180 min/week in addition to physical education
35 min/week), without any dietary intervention. Training
essions were supervised by 2 experienced physical education
eachers and consisted of 30 min of aerobic exercise (fast
alking, running, ball games, or swimming) at a heart rate
orresponding to 55% to 65% of individual maximal cardio-
espiratory fitness (based on baseline maximal oxygen con-
umption [VO2max] measures by treadmill test), followed
y 20 min of strengthening exercises and 10 min of
tretching and cool-down. Children wore a heart rate
onitor (Polar S610, Kempele, Finland) during each train-
ng session, and watch alarms warned them if the heart rate
Abbreviations
and Acronyms
ANCOVA  analysis of
covariance
ANOVA  analysis of
variance
BMI  body mass index
CVD  cardiovascular
disease
DBP  diastolic blood
pressure
Einc  incremental elastic
modulus
FMD  flow-mediated
dilation
HDL-C  high-density
lipoprotein cholesterol
HOMA-IR  homeostasis
assessment model of
insulin resistance
HTN  hypertension
IMT  intima-media
thickness
LDL-C  low-density
lipoprotein cholesterol
NTGMD  nitroglycerin-
mediated dilation
SBP  systolic blood
pressure
SDS  standard deviation
score
TC  total cholesterol
TG  triglyceride
VO2max  maximal oxygen
consumptionas too low (55% VO2max) or too high (65%
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Obesity, Hypertension, and Exercise in Children December 15/22, 2009:2396–406O2max). The aerobic period was followed by strengthen-
ng exercises of the arms, legs, and trunk (2 to 3 series of 10
o 15 repetitions), with the resistance being provided by the
hild’s own body weight and elastic bands. Subject compli-
nce to training was determined as the proportion of
ttended sessions, and adherence was determined as the
roportion of subjects who completed all training and
esting sessions. The CON group did not participate in any
ntervention and was asked to maintain the current level of
hysical activity during the first 3 months. After the
-month intervention, the EX group was invited to con-
inue to exercise twice/week for a total of 6 months. The
ON group was also asked to start a similar training
rogram (twice/week) after the 3-month control period
modified crossover design), to avoid a long waiting period
efore receiving treatment.
rocedures. At baseline, participants visited the Children’s
ospital from 8:00 AM to 12:00 AM. Obese and lean subjects
nderwent identical testing, and the protocol was repeated
wice at 3 and 6 months in obese patients only. Observers
ere blinded to subject grouping. We measured body
eight to the nearest 0.1 kg with light clothes with an
lectronic scale (Seca 701, Hamburg, Germany) and height
o the nearest 0.1 cm with a Harpenden stadiometer. We
55 obese children assessed for eligibility
22 Randomized to 
Exercise Group
22 Randomized 
to Control Group 
11  Excluded
8    Declined Study Participatio
3    Did Not Meet Inclusion Cri
44 obese children randomized
Status at 3-mo follow-up
22 Received Intervention 
as Assigned
Status at 3-mo follow-up
19 Received Intervention
as Assigned
3   Dropped-out
2 Lost Interest
1 Transportation
Status at 6-mo follow-up
18 Continued Intervention 
as Assigned
4   Dropped-out
2 Transportation
1 Lost interest 
1 Family Issue
Status at 6-mo follow-up
18 Started Exercise
4   Dropped-out
1 Too Hard to Adhere
2 Transportation
1 Lost interest
22 included in analysis 22 included in analysis
Figure 1 Flowchart for Enrollment, Randomization, and Follow-Ualculated BMI as weight/height squared (kg  m2) and metermined BMI z-scores (37). Total body and abdominal
at mass and fat-free mass (kg) were assessed with dual-
nergy X-ray absorptiometry (DXA, GE Lunar Prodigy,
unar Corp., Madison, Wisconsin). Manual analysis, with
he “regions of interest” feature, was performed on total
ody scans to assess abdominal fat. The upper border was
efined as the distal margin of the lower ribs, and the lower
order was defined as just superior to the supra-iliac crest.
he lateral margins were placed outside the body, so that all
bdominal but no arm tissue was included (39). The
ntra-class correlation for repeated measurements of body
at mass was 0.998 in our laboratory.
The brachial resting BP was measured 3 times at a 2-min
nterval after 10 min of rest in supine position with the back
upported, with a validated automated device (Colin Press-
ate BP 8800C, San Antonio, Texas). The cuff covered at
east two-thirds of the length of the upper arm, with the
ength of the bladder wrapping the arm circumference. The
verage BP was calculated, and HTN was defined as BP
95th sex-, age-, and height-specific percentiles (40).
We also performed a 24-h ambulatory BP monitoring
ith an automatic monitor and a standing position captor
Dyasis Integra II, Physicor S.A., Paris, France) that has
een validated by the British Hypertension Society. This
165 lean children assessed for eligibility
143 Excluded
141 Declined Study Participation
2     Did Not Meet Inclusion Criteria
22 lean children
for baseline comparison
Study Participantsn
teriaethod is considered the gold standard for BP assessment
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December 15/22, 2009:2396–406 Obesity, Hypertension, and Exercise in Childrenn children (41,42). Measures were taken on the nondomi-
ant arm with previously published methods (11). We
btained valid recordings in 42 obese and 15 lean children.
he BP analysis was performed off-line after the interven-
ion, without knowing the subject group assignment or
ime. We calculated the 24-h mean BP and BP standard
eviation scores (SDS) (43). Hypertension was defined as
4-h BP over the 95th age- and sex-specific percentile and
BP load over 25%.
Noninvasive measurements of the IMT at the common
arotid artery and the endothelial and smooth muscle cell
unctions at the brachial artery were performed by the same
nvestigator (Y.A.) with a real-time B-mode ultrasound
mager (Vingmed CFM800C System Ltd., Hovik, Norway)
ith a 10-MHz linear high-resolution vascular probe
19,22). All off-line measurements of IMT were performed
ith an automated computerized program (Iôtec System,
ôdata Processing, Paris, France). The pulse wave of the
adial artery was assessed with an applanation tonometry
robe (SphygmoCor, Atcor Medical Ltd., West Ryde,
ustralia) to estimate central aortic pressure noninvasively.
his parameter allowed determination of arterial stiffness
ith the incremental elastic modulus (Einc) (44). After 30
in of rest in a recumbent position, we measured endothe-
ial (flow-mediated dilation [FMD]) and smooth muscle
nitroglycerin-mediated dilation [NTGMD]) functions of
he right brachial artery with the same echographic vascular
inear probe (19,44).
Cardiorespiratory fitness was measured as VO2max assessed
y direct gas analysis (Vmax Spectra, Vyasis Healthcare, GE,
orba Linda, California) during a multistage treadmill test
Marquette 2000, GE, Milwaukee, Wisconsin). After a suffi-
ient warm-up, the subject walked or ran on the treadmill at a
onstant speed, which varied by age and physical capacity
from 5 to 9 km  h1) (45). The grade of the treadmill was
ncreased by 2.5% every 2 min until the subject was exhausted
nd reached the VO2max criteria.
We measured physical activity count before the interven-
ion and at 3 and 6 months with a validated uniaxial
ccelerometer (Actigraph MT 6471, MTI, Pensacola, Flor-
da) (46), worn at the right waist during a 7-day period
school week, 24 h/day, outside training periods), except
uring bathing or swimming. The monitor used a 1-min
ycle, and at the end of each cycle, the summed value was
tored in memory. The Excel software (Microsoft, Red-
ond, Washington) was used for data reduction and anal-
sis. Only periods between 8:00 AM and 9:00 PM were
nalyzed. The “zero activity” periods of 20 min or longer
ere interpreted as being due to unworn accelerometers
nd were removed from the total activity count. Subject’s
ata were taken into account if total daily counts/min
ere under 4,000 and if the monitor was worn during at
east 4 days (including 1 weekend day). Leisure-time
hysical activity in the previous 12 months was assessed
ith the Modifiable Physical Activity Questionnaire for
dolescents (47). aNutrition was assessed with a self-reported 3-day food
ecord (2 weekdays and 1 weekend day successively) filled
ut by the parents. We provided a kitchen scale (precision
g, Seca Culina 852) to perform home measures. We
alculated the total energy (kcal) and macronutrients in-
akes.
Blood samples were collected via venipuncture after a
0-h overnight fast. Total cholesterol (TC), high-density
ipoprotein cholesterol (HDL-C), and triglyceride (TG)
evels (mmol  l1) were determined by standard auto-
otive techniques (SYNCHRON LX20, Beckman
oulter, Fullerton, California). Low-density lipoprotein
holesterol (LDL-C) was calculated with the Friede-
ald’s formula. Plasma insulin concentrations were mea-
ured by radioimmunoassay (Access ultrasensitive insulin,
eckman Coulter Ireland, Inc., Galway, Ireland), and
nsulin resistance was assessed by using the homeostasis
odel assessment (HOMA-IR), according to the equa-
ion: HOMA-IR  fasting insulin (U  ml1)  fasting
lucose (mmol  l1)/22.5. High-sensitive C-reactive pro-
ein levels were assessed by nephelometry (Beckman Coulter
reland, Inc.). Results were considered abnormal if: TC
5.2 mmol  l1, LDL-C 3.4 mmol  l1, HDL-C
0.9 mmol  l1, TG 1.7 mmol  l1, glucose 5.6
mol  l1, and insulin 15 U  ml1, according to
ecent pediatric guidelines (48,49).
ample size and statistical analysis. The calculation of
ample size was based on the assessment of systemic BP as
he primary end point. In adults, a reduction of 5 mm Hg in
iastolic BP is associated with a reduction of at least 35% of
troke and 21% of congenital heart disease (50). In obese
dolescents, a 6-month exercise training program resulted in
reduction of systolic blood pressure (SBP) of 8 mm Hg
effect size 0.6) (36). Therefore, with an anticipated effect
ize of 0.6, a sample size of 22 subjects in each group could
etect statistically significant differences at p  0.05 with a
tatistical power of 80%. On the basis of previous studies,
his sample size was also sufficient to identify differences in
ndothelial function parameters.
Data were screened for normality, with skewness and
urtosis tests. The following variables were transformed
nd successfully normalized: office SBP (square), total
nd LDL-C (reciprocal); and insulin, Einc, FMD, and
TGMD (square-root). Data were expressed as mean and
D or median and interquartile range (25th to 75th per-
entile), when appropriate. At baseline, we compared means
f each continuous variable of obese and lean groups by
nalysis of variance (ANOVA) with Bonferroni post hoc
ests and analysis of covariance (ANCOVA), while adjust-
ng for sex and age entered into the model as a continuous
ariable. We also compared the shapes of distributions with
ann-Whitney U tests. Except for physical activity count,
here were no age and sex effects in ANCOVA, and
ann-Whitney U tests yielded similar results. The associ-
tions between continuous variables were determined with
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Obesity, Hypertension, and Exercise in Children December 15/22, 2009:2396–406earson correlation coefficient. To assess the relationships
etween changes in BP and body fat, we also performed
nivariate and multivariate linear regression analysis.
Then, ANOVA with a repeated-measure design was used
o evaluate parameter changes over time (2 or 3 visits) in
bese subjects while assessing the effects of intervention.
rom baseline to 3 months (randomized controlled trial),
e performed a per-protocol analysis (n  41) and an
ntention-to-treat (n 44) analysis, which yielded the same
esults. For 3 subjects in the obese CON group with no
ollow-up results at 3 months, we carried forward their
aseline values for all the studied parameters (n  44). We
lso adjusted the same models for age, sex, and baseline
utcome with repeated-measure design ANCOVA, but
esults were not different, except for physical activity count.
e also completed an efficacy analysis including subjects
ho met the criteria for exposure to the intervention (60%
ttendance). As groups differed in age- and sex-ratio after
xcluding subjects who did not meet criteria for exposure,
hese variables were entered in the computation.
From 3 to 6 months, we performed a per-protocol
nalysis only (n  38), because it was an open study. We
sed the statistical software program Stata release 9.2 (Stata
orp., College Station, Texas). Differences were considered
ignificant when p  0.05.
esults
omparison between obese and lean subjects at baseline.
ecruitment and randomization procedures are summarized
n Figure 1. Randomization produced similar distributions
Baseline Characteristics, Physical Activity, andMarkers in the Obe e Groups Compared With thTable 1 B seline Characteristics, Physical AMarkers in the Obese Groups Comp
Parameters
Obese Exe
(n  22
Female/male, n 13/9
Age, yrs 9.1 (1.4)
Height, cm 140.4 (7.9)
Body weight, kg 50.6 (11.8
BMI, kg  m2 25.4 (4.6)
BMI z-score 2.3 (0.6)
Whole body fat, % 42.6 (6.9)
Abdominal fat, % 49.7 (8.0)
Fat-free mass, kg 27.5 (4.9)
7-day physical activity, cpm 306.7 (34.2
Past year physical activity, min  week1 41.1 (80.8
Total cholesterol, mmol  l1* 4.3 (3.7–
LDL-cholesterol, mmol  l1* 2.9 (2.4–
HDL-cholesterol, mmol  l1 1.2 (0.2)
Triglycerides, mmol  l1 0.6 (0.3)
Fasting glucose, mmol  l1 4.8 (0.4)
Fasting insulin, mU  l1* 12.0 (7.8–
HOMA-IR 2.5 (2.2)
hsCRP, mmol  l1 3.4 (5.3)
Results are shown as mean (SD), unless otherwise indicated. The p valu
The 2 obese groups were not different. *Median and interquartile ranBMI bodymass index; HDL high-density lipoprotein; HOMA-IR homeos
C-reactive lipoprotein; LDL  low-density lipoprotein.f baseline characteristics and biological markers in the 2
bese groups (Table 1). Compared with the lean group, the
obese groups had significantly higher body weight, BMI,
MI z-score, percent of total and abdominal fat, fat-free
ass, fasting insulin, and HOMA-IR and C-reactive pro-
ein levels, as well as lower HDL-C, physical activity level,
nd VO2max. The proportion of obese children who had
yslipidemia or increased insulin resistance indexes com-
ared with normative references was as follows: TC (14%),
DL-C (19%), LDL-C (15%), and fasting insulin (22%
etween 15 and 28 Uml1). None of the obese subjects
ad increased glucose or TG, and all lean children had
ormal values. Nutrition analysis (energy and macro-
utriments) was not possible due to insufficient filling-out
f the food record in more than 50% of cases.
Blood pressure, cardiorespiratory fitness, and vascular
arameter results at baseline are presented in Table 2. Obese
hildren had significantly higher 24-h SBP and DBP, BP
DS, and arterial stiffness, as well as lower VO2max, FMD,
nd NTGMD compared with lean subjects. Office BP was
ignificantly higher in EX than lean children. Moderate
ystolic HTN was present in 20 of 42 obese subjects
47.6%), and both systolic and diastolic HTN was present in
2 of 42 subjects (28.6%). The proportion of children with
ystolic HTN was similar between obese EX (50%) and
ON (45%).
ffects of the 3-month exercise intervention in obese
hildren. The compliance averaged 83% of the 36 sched-
led exercise sessions in the obese EX group. The adherence
as high; 19 of 22 obese subjects (86%) participated in 3
gicaln Groupty, nd Biological
With the Lean Group
Obese Control
(n  22)
Lean Group
(n  22) p Value
15/7 16/6 0.8
8.8 (1.6) 8.5 (1.5) 0.4
135.5 (10.2) 134.9 (9.5) 0.1
47.1 (14.4) 28.4 (5.4) 0.0001
25.1 (4.7) 15.5 (1.6) 0.0001
2.3 (0.6) 0.5 (0.9) 0.0001
42.4 (7.1) 20.1 (8.1) 0.0001
49.7 (8.0) 19.6 (8.3) 0.0001
26.0 (5.3) 21.8 (3.8) 0.0003
329.4 (79.1) 420.6 (83.7) 0.0001
48.2 (55.1) 116.5 (103.1) 0.005
4.1 (3.9–4.4) 4.3 (4.0–4.6) 0.8
2.9 (2.5–3.2) 2.8 (2.3–3.0) 0.3
1.0 (0.3) 1.4 (0.3) 0.0001
0.7 (0.3) 0.6 (0.2) 0.4
4.8 (0.4) 4.8 (0.4) 0.9
10.0 (7.6–13.8) 3.3 (2.8–6.6) 0.0001
2.2 (1.6) 0.7 (0.9) 0.0001
4.7 (4.2) 1.6 (1.6) 0.04
cate significant differences among the 3 groups (analysis of variance).
h to 75th percentile).Bioloe Leactivi
ared
rcise
)
)
)
)
4.8)
3.4)
17.1)
es indi
ge (25ttasis assessment model of insulin resistance; hsCRP high-sensitive
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December 15/22, 2009:2396–406 Obesity, Hypertension, and Exercise in Childrenessions/week. Three of 22 obese CON (14%) subjects did
ot attend the second visit, but there were no drop-outs in
he EX group.
Changes and treatment effects at 3 months are shown in
ables 3 and 4 (intention-to-treat analysis, n  44). In the
X group, BMI z-score (5.5%), whole body (3.6%) and
bdominal fat (4.2%), TC (3.7%), LDL-C (4.2%),
DL-C (5.3%), office SBP (2.0%) and DBP (4.1%),
nd 24-h SBP (4.9%) and DBP (3.2%) significantly
ecreased, whereas fat-free mass (4.6%) and VO2max
6.0%) increased during the intervention (p  0.05).
Baseline Blood Pressure, Cardiorespiratory FitneArterial Parameters in Obese Groups ComparedTable 2 Bas line Blood Pressure, Ca dior sArterial Parameters in Obese Group
Parameters
Obese Exercise
(n  22)
Office SBP, mm Hg* 107.0 (103.0–117.0)
Office DBP, mm Hg 56.3 (8.6)
24-h SBP, mm Hg 127.6 (13.3)
24-h DBP, mm Hg 73.5 (6.9)
24-h SBP-SDS 2.3 (1.6)
24-h DBP-SDS 1.4 (1.3)
Systolic HTN, n (%) 11 (50)
Systolic-diastolic HTN, n (%) 9 (41)
VO2max, ml  kg
1  min1 34.4 (5.0)
IMT of CCA, mm  102 48.7 (2.8)
Einc, mm Hg  102* 13.1 (9.73–16.2)
FMD, %* 5.1 (3.7–7.7)
NTGMD, %* 20.3 (8.9)
Results are shown as mean (SD), unless otherwise indicated. The p val
of variance). The 2 obese groups were not different. *Median and inter
obese exercise group only (p  0.05).
CCA  common carotid artery; DBP  diastolic blood pressure; E
hypertension; IMT  intima-media thickness; NTGMD  nitroglycerin-m
score; VO2max  cardiorespiratory fitness.
Changes in Body Composition, Physical ActivityDuri the 3-Month Exercise Program in ObeseTable 3 Cha ges in Body C mposition, PhysDuring the 3-Month Exercise Progra
Parameters
Obese Exercise
(n  22)
Body weight, kg 1.0 (2.4)†
BMI, kg  m2 0.1 (1.0)
BMI z-score 0.1 (0.1)‡
Whole body fat, % 1.5 (1.7)‡
Abdominal fat, % 2.1 (2.5)‡
Fat-free mass, kg 1.2 (1.3)‡
Physical activity, cpm 1.1 (86.3)
Total energy intake, kcal 347.8 (224.6)‡
Total cholesterol, mmol  l1 0.22 (0.53)†
LDL-cholesterol, mmol  l1 0.18 (0.44)†
HDL-cholesterol, mmol  l1 0.06 (0.11)‡
Triglycerides, mmol  l1 0.04 (0.31)
Glucose, mmol  l1 0.15 (0.33)†
Insulin, mU  l1 3.81 (4.28)‡
HOMA-IR 0.99 (1.04)‡
hsCRP, mmol  l1 0.13 (4.53)
Results are shown as mean (SD). *Treatment effect defined as the
within-group change between baseline and 3 months (p  0.0
(p  0.01). §Adjusted for age and sex.
Abbreviations as in Table 1.ean systolic BP also decreased during the night (7.1 
0.2 mm Hg, p  0.03).
We found opposite results in the CON group, where
MI (1.1%), whole body fat (2.2%), abdominal fat
2.1%), and office (4.3%) and 24-h SBP (3.6%)
ncreased, whereas VO2max (4.3%) and physical activity
ount (11.6%) decreased (p 0.05). Body weight, height,
nsulin, and HOMA-IR significantly augmented in the 2
bese groups.
The change differences between the obese EX and CON
roups (treatment effect) in BMI, BMI z-score, whole body
ndthe Lean Groupry Fitness, and
pared With the Lean Group
bese Control
(n  22)
Lean Group
(n  22) p Value
.0 (94.0–117.0) 101.5 (97.0–106.0)† 0.01
.8 (5.9) 50.7 (3.1)† 0.01
.9 (15.0) 104.7 (9.2) 0.0001
.0 (7.9) 62.1 (4.3) 0.0001
.7 (1.6) 0.4 (1.2) 0.0001
.1 (1.5) 0.7 (0.8) 0.0001
9 (45) 0 (0) 0.0001†
3 (15) 0 (0) 0.0001
.9 (7.1) 49.1 (5.7) 0.0001
.2 (3.1) 47.8 (3.1) 0.6
.6 (11.5–14.3) 9.3 (6.5–13.4) 0.8
.1 (3.7–4.8) 7.8 (7.1–9.5) 0.007
.1 (7.6) 25.0 (6.9) 0.006
icate significant differences among the 3 groups at baseline (analysis
range (25th to 75th percentile). †Lean group was different from the
ncremental elastic modulus; FMD  flow-mediated dilation; HTN 
d dilation; SBP  systolic blood pressure; SDS  standard deviation
Biological Markersren (Intention-to-Treat Analysis)Activity, nd Bi logical M rkers
Obese Children (Intention-to-Treat Analysis)
bese Control
(n  22) Treatment Effect* p Value
1.6 (1.5)‡ 0.9 0.3
0.3 (0.7)† 0.4 0.06
0.0 (0.1) 0.1 0.04
0.8 (1.6)† 2.4 0.0001
0.7 (2.4)‡ 2.9 0.0007
0.1 (2.8) 1.4 0.03
41.1 (71.2)† 48.1 0.05§
4.0 (551.9) 343.8 0.1
0.14 (0.46) 0.08 0.6
0.17 (0.55) 0.01 0.9
0.03 (0.13) 0.05 0.3
0.12 (0.43) 0.04 0.6
0.01 (0.26) 0.15 0.09
3.0 (5.1)‡ 0.85 0.6
0.62 (1.20)† 0.37 0.3
0.17 (3.76) 0.04 0.9
in obese exercise group compared with control group. †Significant
gnificant within-group change between baseline and 3 monthsss, aWithpirato
s Com
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BP, VO2max, and physical activity count were all signif-
cant (p  0.05). The prevalence of HTN reduced in EX
12%) compared with CON (1%) subjects. In hyper-
ensive EX subjects (11 of 22), the reduction of 24-h SBP
9.9  14.5 mm Hg, 1.3  1.5 SDS) was significantly
reater than in nonhypertensive EX subjects. Changes in
4-h SBP correlated with changes in abdominal fat only
r  0.42, p  0.02). We did not observe any changes in
iological or arterial function parameters. The efficacy
nalysis, after excluding the 3 obese EX subjects who
articipated in 60% of sessions, showed similar results.
Only 18 of 44 obese subjects had valid food records before
nd after the intervention (9 EX and 9 CON). We did not
bserve any significant between-group differences in the
otal energy intake either before (EX 1,813.0  306.6 kcal
s. CON 1,614.0  382.5 kcal) or after the intervention
EX 1,465.2  298.0 kcal vs. CON 1,610.0  468.2 kcal).
xercise training was associated with a decrease in total
nergy intake in the EX group but not in the CON group
Table 3). The EX–CON effect was not significant, and the
ercentage of total kilocalories from fat, protein, or carbo-
ydrate did not change in either the EX or the CON group.
To assess the relationships between changes in BP and
ody fat, we performed univariate and multivariate regres-
ion analysis including all subjects (n  44). We observed
ssociations between 24-h SBP and BMI changes (coeffi-
ient 4.8%, p  0.05), total body fat (coefficient 2.2%, p 
.02) and abdominal fat (coefficient 2.0%, p  0.003), as
ell as 24-h DBP and abdominal fat changes (coefficient
.8%, p  0.003). However, after introducing intervention
nd disease in the model, the intervention remained the
nly significant determinant of BP changes. We then
djusted the model for sex and age (or used 24-h SBP SDS
s dependent variable) and found similar results. Office BP
Changes in Blood Pressure, Cardiorespiratory FitnesDuri g the 3-Month Exercise Program in ObesTable 4 Cha ges in Blood ressure, CardiorespDuring the 3-Month Exercise Progra
Parameters
Obese Exercise
(n  22)
Office SBP, mm Hg 1.9 (11.8)†
Office DBP, mm Hg 1.3 (9.7)
24-h SBP, mm Hg 6.9 (13.5)†
24-h DBP, mm Hg 2.6 (5.0)†
24-h SBP SDS 0.8 (1.5)†
24-h DBP SDS 0.5 (1.0)†
VO2max, ml  kg
1  min1 1.9 (3.5)†
IMT of CCA, mm  102 0.09 (3.75)
Einc, mm Hg  102§ 1.81 (10.68)
FMD, % 0.59 (3.13)
NTGMD, % 1.01 (9.04)
Results are shown asmean (SD). *Treatment effect defined as the chan
within-group change between baseline and 3 months (p  0.0
(p  0.01). §Normalized (square root).
Abbreviations as in Tables 1 and 2.hanges were not related to BMI or body fat changes. avaluation at 6 months. After the 3-month intervention,
e encouraged obese EX participants to continue to train
wice/week for a total of 6 months. Four of 22 subjects
ropped-out, 19 continued, and 16 of them participated
egularly (60% of sessions) (Fig. 1). The CON group was
nvited to start a similar exercise program for 3 months. One
f 19 obese subjects dropped-out, 18 started training, and
2 of them trained regularly.
From 3 to 6 months, we observed further changes in the
X group (n  18) (Fig. 2) in BMI z-score (0.03  0.05,
 0.01), whole body fat (0.5  1.1%, p  0.02), fat-
ree mass (0.5  0.9 kg, p  0.02), glucose (0.2  0.3
mol  l1, p  0.003), and HOMA-IR (0.96  1.02,
 0.0003). In the CON group (n  18), the exercise
ntervention also resulted in reduced BMI z-score (0.08
.14, p  0.009), whole body fat (1.1  2.0%, p  0.02),
bdominal fat (1.0  2.0%, p  0.05), and office DBP
4.4  8.2 mm Hg, p  0.02) and increased fat-free mass
1.1  0.5 kg, p  0.0001), physical activity count (77.5 
07.9, p  0.03), and HDL-C (0.06  0.15, p  0.05).
ody weight and height significantly increased in both
roups.
From baseline to 6 months (Fig. 2), change differences
etween EX and CON groups were significant for SBP
1.8 SDS, p  0.04), DBP (1.5 SDS, p  0.047),
rterial stiffness (470.0 mm Hg  102, p  0.049), IMT
0.02 mm, p  0.045), and VO2max (2.8, p  0.02).
iscussion
ypertension and first signs of atherosclerosis develops
efore puberty in obese children, and therefore it is urgent
o identify effective strategies to prevent the spread of CVD
n this population. To our knowledge, we demonstrate for
he first time that a regular physical activity program results
n a significant reduction of systemic BP after 3 months and
Arterial Function Parametersren (Intention-to-Tre t Analysis)y Fi ness, a d Arteri l Function Parameters
Obese Children (Intention-to-Treat Analysis)
bese Control
(n  22) Treatment Effect* p Value
4.4 (10.3)† 6.9 0.003
4.7 (7.0)‡ 6.7 0.009
3.8 (7.9)† 10.7 0.007
0.2 (7.0) 2.3 0.3
0.4 (0.8)† 1.1 0.01
0.0 (1.4) 0.5 0.02
1.6 (4.6)† 3.5 0.007
1.13 (4.40) 1.22 0.2
0.54 (6.18) 2.34 0.4
0.13 (2.61) 0.72 0.4
0.64 (9.42) 1.64 0.6
e obese exercise group compared with the control group. †Significant
gnificant within-group change between baseline and 3 monthss, andChildirator
m in
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December 15/22, 2009:2396–406 Obesity, Hypertension, and Exercise in ChildrenMT after 6 months in pre-pubertal obese children. These
hanges are independent of body weight or fat reduction
nd are of greater magnitude in hypertensive subjects. We
lso show that our exercise intervention has beneficial effects
n whole body and abdominal fat, fat-free mass, and
ardiorespiratory fitness in obese children.
Systemic HTN is a common complication of childhood
besity. In a recent study, we reported an increased preva-
ence of HTN in pre-pubertal obese children, assessed by
mbulatory BP monitoring (11). Elevated BP was associ-
ted with endothelial and smooth muscle cell dysfunction,
rterial stiffness (21), and increased left ventricular mass
11). In this present study, we observed a significant
ecrease in systolic and diastolic office and 24-h BP after 3
onths of exercise training. The effects on BP were clini-
ally relevant, ranging from 7 to 12 mm Hg for SBP
nd from 2 to 7 mm Hg for DBP, as previously shown
n adolescents (36) and adults (26). In addition, 24-h SBP-
nd DBP-SDS treatment effects were 1.2 and 0.5 at 3
onths, respectively. These changes were significantly
reater in hypertensive subjects compared with non-
ypertensive subjects. In the EX group, the proportion of
hildren with HTN reduced significantly from 50% to 37%
t 3 months and to 29% at 6 months. If we hypothesize that
hese changes translate into those of similar magnitude in
dulthood, these finding could be of public health signifi-
Figure 2 Changes in BMI, Body Fat, Systolic BP, Cardiorespira
Arterial Stiffness, and IMT at 3 and 6 Months in Ob
Obese exercise group (solid circles); obese control group (open circles). Aste
months: *p  0.05; **p  0.01. BMI  body mass index; BP  blood pressu
standard deviation score; VO2max  maximal oxygen consumption.ance. For example, in adult population a reduction of 5 mm eg in diastolic BP is associated with a decrease of at least
5% of stroke and 21% of congenital heart disease (50). For
ediatricians or general practitioners, the diagnosis of sys-
emic HTN in young obese children might raise the critical
uestion of whether they should prescribe antihypertensive
edications or promote lifestyle modifications. Because
TN is a consequence of obesity and physical inactivity, we
uggest encouraging regular exercise.
Systemic HTN in obese children might be due to
mpaired endothelial function or activation of the sympa-
hetic nervous system or insulin resistance (12–21). At
aseline, we showed impaired arterial endothelial and
mooth muscle cell functions, increased local arterial stiff-
ess, and insulin resistance indexes in obese compared with
ean children, without significant evidence of arterial re-
odeling (IMT). Surprisingly, the changes in BP that we
bserved during the 3-month intervention were not associ-
ted with improved endothelial or smooth muscle cell
unctions or arterial stiffness in obese subjects. After 6
onths, however, we found a significant reduction in
rterial stiffness as well as a stabilization of IMT in the EX
ompared with the CON group. Some authors previously
eported improved endothelial function after an 8-week
erobic exercise program in a small cohort of 14 adolescents,
ven in absence of changes in subcutaneous fat, body
eight, or BMI (51). However, subjects with HTN were
itness,
hildren
indicate significant treatment effect (exercise vs. control group) at 3 and 6
c  incremental elastic modulus; IMT  intima-media thickness; SDS tory F
ese C
risks
re; Einxcluded from that study. More recently, Meyer et al. (36)
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Obesity, Hypertension, and Exercise in Children December 15/22, 2009:2396–406emonstrated increased endothelial function (57%) and
ecreased SBP, IMT, and insulin resistance indexes after a
-month moderate exercise training program (3 sessions/
eek, 210 min total) in obese adolescents. Baseline SBP was
levated, similarly to our study, whereas FMD was lower
ompared with lean subjects. Another trial investigated the
ffects of a 6-week physical activity program combined with
dietary restriction in 10-year-old children and found
mproved endothelial function (52). However, children had
ormal BP at baseline. Our intervention seems to be
nsufficient to improve endothelial or smooth muscle func-
ion in a cohort of patients with a high prevalence of HTN.
longer program might be needed to detect changes at very
arly stages of atherosclerosis.
Insulin resistance has been incriminated in the develop-
ent of HTN in obese patients (16,17). During the first 3
onths of intervention, we did not observe any reduction in
lucose and insulin levels or HOMA-IR. From 3 to 6
onths, however, we reported a significant decrease of
nsulin resistance indexes in both groups. These findings
uggest that exercise might have variable effects in young
hildren, probably because their insulin levels are only
lightly increased, close to the normal range. In addition, we
ound the opposite within-group differences for HDL-C in
he EX group from baseline to 3 months compared with the
ON group from 3 to 6 months (crossover). However,
etween-group differences were not significant. Because
yslipidemia was present in only a small proportion of
hildren, we might hypothesize that our sample size was too
mall to detect such changes. To date, the effects of lifestyle
odifications on markers of the metabolic syndrome remain
ontroversial. Only 2 studies showed significant responses to
oderate physical activity (32,36) or behavioral intervention
n adolescents (30), but no studies have demonstrated effects
f exercise on biological markers in obese children before
uberty.
In obese patients, HTN might also be due to altered
utonomous system activity (12–15), although we did not
easure these parameters in our study. Gutin et al.
14,31,32,53) completed a 4-month moderate aerobic exer-
ise randomized controlled trial in children ages 7 to 11
ears and reported significant changes in cardiac parasym-
athetic activity as well as in fasting insulin.
The main objective of the treatment of childhood obesity
s to stabilize body weight during growth, in order to reduce
MI, body fat, and comorbidities. Therapeutic programs
re generally multidisciplinary and include nutritional, ex-
rcise, and behavioral components. Our baseline results
onfirm that physical activity level, sports participation, and
ardiorespiratory fitness are significantly lower in obese
ompared with lean children. Our intervention included
arious types of activities, such as ball games, walking, and
wimming, and participants showed great enthusiasm dur-
ng sessions. The absence of drop-out and the high com-
liance and adherence rates as well as the number of
hildren who decided to continue training suggest that our erogram was adapted and attractive. We assessed the
hysical activity level before and during the week after the
-month intervention, which started in September and
nded in December. We found that the level remained
table in the EX group, whereas it decreased in the CON
roup. Physical activity level usually decreases during au-
umn and winter in Europe, but the obese children who did
he intervention maintained their level after the program,
espite seasonal variations. We also observed a significant
ncrease in cardiorespiratory fitness in the exercise group
nd might hypothesize that patients improved their func-
ional capacity as well as their pleasure in participating in
aily activities. We conclude that physical activity programs
or obese children might be an interesting approach to
ncrease their physical activity level and motivate them in
he first phase of treatment.
We found significant changes in BMI z-scores and whole
ody and abdominal fat, despite an increase in body weight.
hese results might be explained by the gain in fat-free mass
hat we observed in the EX compared with the CON group.
ndeed, BMI does not assess body composition, and care
hould be taken in using this measure as the main outcome
f treatment. Gutin et al. also reported reduced percent
ody fat and visceral and subcutaneous abdominal adipose
issue after exercise training, whereas others did not (35,36).
avoye et al. (30) performed a family-based behavioral
ntervention in obese children and adolescents and found
hanges of similar magnitude compared with our results.
ecause visceral fat deposition is closely associated with
VD risk factors and type 2 diabetes, we suggest that future
ediatric intervention studies assess changes on central
diposity parameters (e.g., waist circumference, visceral fat)
nstead of BMI.
tudy strengths and limitations. This study has several
trengths. We used a randomized controlled trial design,
hich allowed us to determine the effects of an exercise
raining program during 3 months. The compliance and
dherence were high and the drop-out rate was low in the
X group. However, our study had also several limitations.
e chose a modified crossover design because we felt that
t was unethical to leave obese children without treatment
or more than 3 months. This design did not permit
ssessing EX–CON treatment effects over the 6-month
eriod. In addition, we assessed the energy intake by a
elf-reported food record and obtained only 18 of 44 valid
atasets. Although the differences were not statistically
ignificant between groups, the sample sizes (9 in each
roup) were small. The CON group changed little in overall
alorie intake, but the EX group decreased their intake by
48 calories/day. We hypothesize that subjects who partic-
pate in a physical activity program 3 times/week spend less
ime at home and therefore decrease their food intake.
hanges in diet could therefore be responsible for some of
he changes attributed solely to exercise, suggesting that our
ntervention could have had an unintended but beneficial
ffect on diet. This could have important clinical implica-
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ight not have the desired results without a related change
n diet. However, nutritional results should be interpreted
ith caution, because subjects with valid diet records might
e more motivated to make lifestyle changes and might not
e representative of the entire group. Our study also shows
hat the decrease in systemic BP during the intervention is
ndependent of body weight or fat changes, supporting a
irect effect of exercise on HTN reduction.
onclusions
ur study demonstrates that a regular physical activity
rogram, including mixed aerobic and strengthening exer-
ises at least 60 min 3 times/week (180 min total) during 3
onths, significantly reduces systemic BP, BMI z-score,
nd total and abdominal adiposity and increases fat-free
ass and cardiorespiratory fitness in obese pre-pubertal
hildren. Changes in BP are greater in hypertensive subjects
nd independent of body fat reduction. The continuation of
he exercise intervention during 6 months leads to a further
ecrease in BP, a reduction of arterial stiffness and a
tabilization of the IMT. However, exercise has no effects
n endothelial or smooth muscle cell functions.
We conclude that participation in physical activity pro-
rams should be encouraged in young obese children to
educe systemic BP and prevent the premature development
f atherosclerosis. Future research should investigate the
olume, intensity, and duration of physical activity that is
eeded to improve endothelial and smooth muscle functions
n children with obesity.
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